Endemic gonococcal infection in a typical urban setting actually represents transmission of multiple strains of Neisseria gonorrhoeae [1, 2] . Comprehensive analyses of gonococcal isolates reveals some types that cause large epidemics and others that spread to only a few persons in a community [2, 3] . Large epidemics caused by gonococci with distinctive phenotypic properties such as nutritional requirements (auxotype) and serovar class have sometimes been associated with distinctive host behavioral factors. For example, a large epidemic of b-lactamase-producing gonococci in Seattle, caused by a single auxotype/serovar class, was associated with cocaine use [3]; other outbreaks in Baltimore and in Ohio have been associated with other factors linked to core group membership [4, 5] .
Endemic gonococcal infection in a typical urban setting actually represents transmission of multiple strains of Neisseria gonorrhoeae [1, 2] . Comprehensive analyses of gonococcal isolates reveals some types that cause large epidemics and others that spread to only a few persons in a community [2, 3] . Large epidemics caused by gonococci with distinctive phenotypic properties such as nutritional requirements (auxotype) and serovar class have sometimes been associated with distinctive host behavioral factors. For example, a large epidemic of b-lactamase-producing gonococci in Seattle, caused by a single auxotype/serovar class, was associated with cocaine use [3] ; other outbreaks in Baltimore and in Ohio have been associated with other factors linked to core group membership [4, 5] .
Two gonococcal auxotypes-1 requiring arginine, hypoxanthine, and uracil (AHU) and 1 requiring proline, citrulline, and uracil-have previously been linked to clinically mild or inapparent infection [6, 7] . It has been hypothesized that the epidemic spread of such strains could be linked to prolonged duration of infectiousness, because of the frequent absence of symptoms that would have prompted health-care seeking [8] .
As in much of the United States [9] , in Seattle-King County the incidence of gonorrhea declined by 80% between 1981 and 1997. Despite this remarkable overall decrease in gonorrhea, outbreaks of particular gonococcal strains continue to occur, such as the recent apparently clonal outbreak of an erythromycin-resistant strain of gonococci among men who have sex with men [10] (Xia M, et al. unpublished data). The present manuscript concerns a separate outbreak caused by a newly emergent strain of N. gonorrhoeae that requires citrulline and uracil (CU) for growth (i.e., its nutritional requirement for arginine is satisfied by citrulline but not by ornithine) and has unique clinical manifestations and a unique epidemiologic profile.
Methods
Source and characterization of isolates of N. gonorrhoeae. The Neisseria Reference Laboratory (NRL) at the University of Washington receives isolates from ∼75% of gonococcal infections reported in Seattle/King County [11] . Strains from the largest health maintenance organization (Group Health Cooperative) have been received since August 1995. The identity of all isolates received from 1986 through 1997 has been confirmed biochemically at the NRL, and all isolates have been characterized as to auxotype and porin protein (por) serovar as well as to antimicrobial susceptibilities as described elsewhere [8, 11] . Isolates have been tested for nutritional requirements for arginine, ornithine, and citrulline, constituent members of the arginine biosynthesis pathway, as well as for proline, uracil, and hypoxanthine.
Patient evaluations. Demographic, behavioral, and clinical findings from male patients attending Public Health Seattle and King County sexually transmitted disease (STD) clinics from 1993 through 1997 were available from a computerized clinic record system. Clinic policy during this period included the collection of a urethral specimen for Gram's stain smear from each man making a new-problem visit. Numbers of polymorphonuclear (PMN) cells seen per 1000ϫ microscopic field were scored as 0-4, 5-9, and у10. Urethral specimens were likewise collected for culture for N. gonorrhoeae and Chlamydia trachomatis. Further, during 1996-1997, Gram's stained smears obtained from patients reported as having gram-negative intracellular or extracellular diplococci were identified by chart number, stored, and reviewed subsequently in the NRL without knowledge of the auxotype of the corresponding gonococcal isolates. Numbers of gram-negative intracellular and extracellular diplococci seen per 1000ϫ field on the urethral smear were classified as 1ϩ (few), 2ϩ (more), 3ϩ (many), or 4ϩ (too numerous to count) organisms.
Statistical analyses. Dichotomous variables were analyzed by using x 2 and Fisher's exact tests. Analysis of continuous variables used parametric or nonparametric tests as appropriate. Multivariate techniques were used to control for the effect of potential confounders.
Results

Trends in percentage of gonococcal isolates requiring CU.
The percentage of all isolates that required CU increased from 1.6% in 1986 and 1987 to 17.7% in 1996 and 16.5% in 1997 (figure 1). All isolates of the CU auxotype belonged to 1 of 2 closely related serovars, IB-1 and IB-3, that differ only by reaction with a single monoclonal antibody; all were uniformly susceptible to penicillin G (modal inhibitory concentration 0.125 mg/mL), tetracycline (mode 0.25 mg/mL), and erythromycin (mode 0.125 mg/mL), and were highly susceptible to broad-spectrum cephalosporins and fluoroquinolones. Antibiotic susceptibility patterns of this auxotype did not change significantly during the 12-year period of study. The number of cases caused by the CU auxotype ranged from 57 to 75 per year in the 1980s, increasing to 125 and 115 in 1996 and 1997, respectively, despite the 80% drop in overall gonorrhea incidence during this period (figure 1). Typically, the CU auxotype caused a higher proportion of infections detected at facilities other than the STD clinics. During 1995-1997, the highest proportion was observed at Group Health Cooperative facilities.
Demographic and behavioral correlates of CU auxotype infection. At the Public Health Seattle and King County STD clinics, from 1993 through 1997, 1304 men were given diagnoses of gonococcal urethritis and had a positive culture for N. gonorrhoeae. Men infected with the CU auxotype were more often black, heterosexual, somewhat younger, and less likely to seek care for symptoms than were men infected with other auxotypes (table 1) . The reported number of sex partners during the past 2 months did not differ between the 2 groups, but men infected with the CU auxotype reported significantly fewer new partners during the past 2 months than did men infected with other auxotypes. Condom use frequency with regular or casual patterns did not differ for CU versus non-CU auxotypes (data not shown). Men infected with the CU auxotype were significantly more often coinfected with C. trachomatis than were men infected with other auxotypes (odds ratio [OR] 4.0; 95% confidence interval [CI] 2.4-6.6).
Because the CU auxotype was found more commonly among heterosexual men than among men who have sex with men, further analyses were limited to heterosexual men, to avoid confounding by sex preference. Among heterosexual men, those infected with the CU auxotype were significantly younger, more often black, and less often symptomatic than were men infected with other auxotypes (table 2) , and were more often coinfected with C. trachomatis (OR 3.4; 95% CI 2.0-5.8).
Association of CU auxotype with less apparent symptoms and signs of urethritis. Men infected with the CU auxotype were significantly less likely to complain of urethral discharge or dysuria and less likely to have signs of urethral discharge on examination than were men infected with other auxotypes (table 3). Among men with signs of urethral discharge, that discharge was significantly less likely to be characterized as purulent or of large quantity for those infected with the CU auxotype. Among men with complaints of discharge or dysuria, those infected with the CU auxotype had significantly longer duration of symptoms of dysuria and discharge than men infected with other auxotypes. Controlling for coinfection with C. trachomatis and for age or race/ethnicity did not affect any of these associations with symptoms or signs.
Association of CU auxotype with findings on urethral smears and with initial diagnoses of nongonococcal urethritis. Gram's stained smears of specimens from men infected with the CU auxotype had significantly fewer PMNs per 1000ϫ microscopic field than did smears from men infected with other auxotypes (table 3) . Gram-negative intracellular diplococci were seen on Gram's stained smears from 66.7% of men infected with the CU auxotype, compared with 95% of men infected with other auxotypes (
). An initial diagnosis of nongonococcal ure-P ! .01 thritis was made for one-third of men infected with the CU auxotype versus 4.7% of those infected with other auxotypes. Urethral smears showing any gram-negative diplococci were scored as containing 3 or 4ϩ gram-negative diplococci for 0 of 5 men infected with the CU auxotype and for 35 of 41 infected with other auxotypes ( ). P ! .05
Discussion
Cases of gonorrhea caused by gonococcal strains requiring CU for growth have increased during a period of sharp decline in the overall incidence of gonorrhea in King County. In comparison with other auxotypes, this auxotype produced milder symptoms of urethritis among men attending STD clinics. Among heterosexual men reporting symptoms, those infected with the CU auxotype had a longer duration of symptoms prior to seeking health-care-a marker for duration of infectiousness in these men [12] . A longer duration of infectiousness may convey a selective advantage to the CU auxotype. In contrast, the lower number of organisms of the CU auxotype observed on Gram's stained smears could reflect a lower inoculum and conceivably reduced efficiency of transmission per exposure. The relative risk of transmission of the various auxotypes cannot be directly estimated from these data.
We have previously reported [8] that the AHU auxotype, serovars IA-1 and IA-2, of N. gonorrhoeae (also associated with asymptomatic urethral infection in men) accounted for 52% of gonococcal isolates in Seattle during 1971-1974, then declined steadily to 0% of isolates from 1994 through 1996; and none have since been encountered through June, 1999. Thus, the incidence of infection with the AHU auxotype declined faster Table 3 . Symptoms, examination, and laboratory findings in heterosexual men with urethral infection by Neisseria gonorrhoeae auxotype: sexually transmitted disease clinic patients (1993) (1994) (1995) (1996) (1997) than the overall incidence of gonorrhea in Seattle-King County during this period. We hypothesized that the more rapidly declining incidence and eventual elimination of the AHU auxotype may have been attributable to increased screening for asymptomatic gonococcal infection beginning in the early 1970s.
The spread of the CU auxotype beginning in the early 1990s is therefore unexpected. However, review of Public Health Seattle and King County Laboratory records revealed that the number of culture tests performed annually for N. gonorrhoeae by the laboratory has declined from ∼60,000 in 1988 to 20,000 in 1998-presumably decreasing the pressure for detection and treatment of asymptomatic infection, primarily in women. Concomitantly, there has been only a modest increase in screening for gonorrhea by using oligonucleotide probes in private laboratories during this period in King County; ∼10% of tests during this period have used this method. Thus, it is possible that decreased screening could give selective advantage to gonococcal strains, resulting less often in symptomatic disease and shed in relatively low numbers from infected sites.
It may also be that the steadily declining incidence of gonorrhea in Seattle-King County since 1981 has reduced competition between different gonococcal strains for survival in high-risk core-group populations. Serial passage of pathogens in experimental model systems often results in evolution toward increased virulence under conditions promoting competition between strains and evolution toward attenuated virulence under conditions not designed to promote competition [13] . Alternatively, because the declining incidence of gonorrhea has led to a declining number of circulating auxotypes (data not shown), purely stochastic events may lead to introduction or disappearance of particular strains as incidence falls below thresholds for sustained transmission [14] . The apparent predilection of the CU auxotype for heterosexuals resembles the previously described predilection of the AHU auxotype, which was attributed to greater susceptibility of the AHU auxotype to killing by fecal lipids [15] -presumably a selective disadvantage in transmission between men having sex with other men. The CU auxotype in this study was likewise quite susceptible to erythromycin (MIC 0.125 mg/mL), previously identified as a marker for greater susceptibility to killing by fecal lipids [15] .
The mechanism for the lessened propensity of the CU auxotype to cause symptomatic urethritis is unknown. Gonococci of the AHU auxotype are less likely than other gonococci to make a lactoferrin receptor [16, 17] . Alternatively, differences in degree of local inflammation produced by gonococci have been associated with differing patterns of complement processing and with differing sensitivity to killing by normal human serum [18] . Both the absence of lactoferrin receptors and the differential complement processing hypotheses are currently being tested.
Among heterosexuals, the striking association of gonococcal CU auxotype infection with concurrent chlamydial infection is of particular interest (table 3) . Chlamydial infection may have led to the symptoms that brought some patients infected with the CU auxotype to the attention of clinicians, or it may be that C. trachomatis and the CU auxotype of N. gonorrhoeae share the same ecological niche for as yet unidentified reasons.
Finally, clinicians should be alert to the existence of gonococcal auxotypes associated with subclinical infection and with negative Gram's stain tests that could result in missed or erroneous diagnosis and inappropriate care and sex partner management. The potential public health implication of these findings rest on confirmation of these observations and on further studies of regional and temporal patterns of prevalence of the CU auxotype or of other phenotypes associated with less symptomatic infection.
